The purposes of this study are to develop a simulator generating a ski board vibration in actual skiing and to perform the basic construction for clarifying the ski sliding mechanism, which still has not been clarified completely. In the simulator developed in this study, the surface on the bottom of the ski was assumed as to be a snowy slope and a mass of snow (snow pack) assuming a skier had slid on this ski bottom surface. A ball vibrator connected to a largesized compressor was installed onto the ski panel in order to vibrate a ski board. The compressed air from the compressor rotated a steel ball in the vibrator at high speed, causing vibration on the ski. A dynamic friction force (F) was detected by the digital force gauge when the snow pack was sliding from the top of the ski to the tail on the surface formed by the bottom of the ski. A coefficient of kinetic friction ( ) was calculated using this dynamic friction force. Furthermore, the velocity and acceleration of the snow pack were measured by two high speeded cameras. The experiment for confirming the validity of this simulator was carried out in the temperature conditions of -5°C. The velocity and acceleration of the snow pack with vibration were higher than without vibration. On the other hand, the coefficient of kinetic friction ( ) with vibration was lower than without vibration. From these results, the simulator is suitable for studying the role of vibration in ski sliding and for clarifying the ski sliding mechanism.
Introduction
The mechanism of ski sliding still has not been completed clarified, although some hypotheses have been set up. One hypothesis is related to pressure; the melted snow between the bottom surface of the ski and snow surface is transformed by the pressure exerted by the ski, becoming a lubricant and thus decreasing the dynamic friction force or the coefficient of kinetic friction [1] . This hypothesis, however, has been proven negative because the square of a ski bottom surface was too large to be melted the snow surface by a pressure [REF] . Another hypothesis is related to friction; melted snow between the ski bottom surface and snow surface becomes a lubricant and decreases the dynamic friction force or coefficient of kinetic friction due to the dynamic friction force involved in skiing [1] . This has not been disproved. The dynamic friction force, however, has been implicated as the resistance force in ski-skier system motion equation as follows;
where Mg* is the driving force, mg* k is the snow resistance force, Dg is the air drag force and R is the shoveling resistance force. Furthermore, no one has yet discovered whether melted snow truly acts as a lubricant between the bottom surface of the ski and the snow surface. On the other hand, a new viewpoint has been proposed regarding the adhesion mechanism between the bottom surface of the ski and the snow surface. Concerning to ski sliding, Tanahashi [1] reported that a vibration frequency of over 200 Hz in the ski when an expert was skiing was stronger than that when a beginner was skiing. Furthermore, Shionoya [2] reported that a vibration frequency over 200 Hz became stronger in accordance with an increase in a skiing velocity. From these previous studies, a vibration frequency of more than 200 Hz on the ski while skiing has been thought to be one key factor in clarifying the ski sliding mechanism.
The two purposes of this study are to develop a simulator generating ski board vibration as in actual skiing and to perform the basic construction for clarifying the ski sliding mechanism. 
Development of the simulator generating the ski board vibrations in actual skiing
Figure 1(a) shows an outline of the simulator generating ski board vibrations. In the simulator, the surface on the bottom of the ski is assumed to be a snow slope and a mass of snow (snow pack) is assumed to be a skier sliding on this bottom surface. The weight of the snow pack (M) and the angle of the ski bottom surface ( ) can be changed. A pulley is installed to the snow pack and a wire coiling around the rotating drum is connected to a digital force gauge through this pulley. The snow pack has the
function of a dynamic pulley due to this mechanism and a dynamic friction force (F) is detected by a digital force gauge as the snow pack slides from the top to the tail of the ski, along its bottom surface. Through a circuit, the detected force is transformed by an A/D converter and transferred to a personal computer. The motion of equation of a snow pack is; (2) where M is the weight of the snow pack, g is the accele is the angle of the ski and is the coefficient of kinetic friction, calculated by the following formula;
where F is the dynamic friction force (Figure 1(b) ).
The velocity and acceleration of the snow pack is measured under a 240 Hz sampling frequency by two high speeded cameras (Exlims, Casio corp.) and is analyzed using a motion analysis system (OTPL8TZ, Octal Corp.). A ball vibrator (Exen.BH8) connected to a large-sized compressor (Anest Iwata Corp.) is installed onto the ski panel in order to vibrate a ski board. The compressed air (1.62 MPs maximum) from the compressor rotates a steel ball in the vibrator at high speed, causing vibration on the ski. 
Experiment for confirming the validity of the simulator
Figure 2(b) shows an experimental set up for confirming the validity of the simulator. The experiments were carried out in the low-temperature laboratory at the Nagaoka College of Technology. The velocity and acceleration of the snow pack were measured and analyzed by the two high speeded cameras and the motion analysis system. The ski board was vibrated using the steel ball vibrator driven by 0.4 MPa air pressure from the air compressor. In a previous study, it was confirmed that the 0.4 MPa air pressure generated a vibration of more than 200 Hz on the ski using the ball vibrator [3] . The velocity, acceleration of the snow pack and coefficient of kinetic friction between the bottom surface of the ski board and the snow pack when the ski board was vibrated were compared with these when the ski board was not vibrated. The experiments using this simulator were carried out in the temperature conditions of -5°C. Figure 3 shows an example of the vibration wave and its power spectrum when the ski board was vibrating. The peak frequency was 254 Hz, which is almost equal to the frequency thought to be the key factor for clarifying the ski sliding mechanism. Figure 4 shows the averaged velocity of the snow pack at each vibration frequency. The velocity of the snow pack at a vibration of 254 Hz was 1.68 m/s on average. On the other hand, without vibration (at a vibration of 0 Hz) the average was 1.56 m/s. Both differences were significant statistically (p<0.05). Figure 5 shows the averaged dynamic friction force of the snow pack. The dynamic friction force of the snow pack with a vibration of 254 Hz was 0.044 on average, while that without vibration averaged at 0.059, which was statistically significant (p<0.05). Furthermore, the acceleration of the snow pack with a vibration of 254 Hz was 0.89m/sec 2 on average, while that without vibration had an average 0.76m/sec 2 . Table 1 shows the coefficient of kinetic friction ( ) for the vibration frequency. With a vibration of 254 Hz the average value of the snow pack was 0.044. On the other hand, that without vibration was 0.059 on average. These coefficient values are almost equal to those reported in Tanahashi s study [1] .
Results and discussions
From these results, it is concluded that vibration appears to play a role in the behavior of skis upon snow, and that the simulator developed in this study is appropriate for further experiments aiming at clarifying the ski sliding mechanism. 
Conclusions
In this paper, a simulator generating the ski board vibration occurring in actual skiing was developed using a large compressor and a steel ball vibrator. This simulator generated vibration frequency of 254 Hz on the ski. The velocity and acceleration at a vibration frequency of 254 Hz were higher than without vibration. Furthermore, the coefficient of kinetic friction ( ) with vibration was lower than without vibration. From these results, it is concluded that this simulator developed in this study is appropriate for experiments to clarify the ski sliding mechanism, which is not yet fully explained.
